Abstract This study has been done to asses the utility and accuracy of urinary cytology and morphometric study of exfoliated cells in early detection and follow-up of urothelial neoplasms and thereby help to reduce the disease-related mortality and morbidity. A total 100 patients with urinary symptoms were studied by cytological examination of urine along with morphometric analysis of suspicious epithelial cells. Immunostaining to detect CK-20 expression and p53 over expression was done in smears showing atypical cells. Histopathological confirmation was done in cases which were suspicious on cystoscopy. P value was determined by using unpaired t-test. Statistically significant difference was found between neoplastic and non-neoplastic lesions of the urinary bladder as far as morphometry is concerned. Urinary cytology along with morphometry is an important tool in early detection of urothelial neoplasms. It is also helpful to find out the recurrences during post-operative follow-up period. Overexpression of CK-20 and p53 immunostain in cytology can act as an adjunct to the cytological diagnosis.
Introduction
Neoplasms of the urinary tract from renal pelvis to urinary bladder may be primary or secondary. Benign papilloma, transitional cell carcinoma (TCC), squamous cell carcinoma, adenocarcinoma, embryonal rhabdomyosarcoma, etc., are primary neoplasms, and secondaries arise from breast, sigmoid colon, prostate, uterus, ovary, etc. TCC comprises approximately 90 % of all primary tumors. Cytological examination of urinary sediment is now well established as a part of routine investigation of patients with hematuria, symptoms of prostatism, and suspected urinary tract neoplasia [1] .
Cytological examination of urine can detect most highgrade bladder carcinoma and useful for carcinoma in situ, which is difficult to diagnose cystoscopically. However, it has limited success in diagnosis of low-grade urothelial carcinoma in which case morphometric study is a useful tool [2] . Detection of CK-20 and overexpression of p53 gene have been advocated as an adjunct to the cytological diagnosis. CK-20 expression is commonly seen in neoplastic cells but not in normal urothelial cells in urine cytology [1] .
The greatest value of urinary cytology is in the following situations:
in centrifuge deposit with more cell dissociation, nuclear pleomorphism, and irregular chromatin pattern. So, urinary cytology and morphometric study is an important noninvasive method for screening, early diagnosis, and follow-up of patients with malignant neoplasms of urinary tract [2] .
Aims and Objectives 1. Study of urinary cytology with special reference to neoplastic lesions of urinary tract 2. Morphometric analysis of suspicious cells to increase the accuracy 3. Role of cytokeratin 20 (CK-20) expression and P53 overexpression in early detection of urothelial malignancy in voided urine specimens
Materials and Methods
This study was carried out in the department of pathology at our hospital over a period of 2 years (from June 2007 to June 2009). A total 100 voided urine specimens were collected from the patients attending urology OPD with complaint of hematuria, symptoms of prostatism, and abdominal pain. Morning urine specimens were collected and centrifuged, and two slides were prepared for each case. One MayGrunwald-Giemsa and one Papanicolaou stained smears were examined. In 46 cases, epithelial cells were found in urine.
Morphometry of the cells in these 46 cases was done by using ocular and stage micrometers. Urine smears of 29 cases (4 cases of suspicious cytology, 16 cases of low-grade TCC, and 9 cases of high-grade TCC as provisionally diagnosed on cytology with morphometry) were taken for immunostain by monoclonal CK-20 antibody and P53. We classified the expression pattern of CK20 as negative or positive at the time of initial diagnosis. The P53 expression was analyzed by determining the percent positivity of nuclear stain after counting 50 cells. Urine samples from 10 volunteer healthy donors were used as control for urine cytology, and bladder washings from 5 biopsy-proven transitional cell carcinoma patients were taken for positive control of immunostain. Histopathological confirmation was done in cases which were cystoscopically positive for the suspicious lesion.
Results
In the 2-year study period, urine specimens were collected from total 100 patients. Cytological examination of MayGrunwald-Giemsa and Papanicolaou stained smears from these 100 cases revealed 17 cases of inflammatory smear associated with reactive epithelial cells, 4 cases suspicious of malignancy, 25 cases positive for malignancy out of which 16 cases were diagnosed as low-grade TCC and 9 cases as high-grade TCC by morphometry (Tables 1 and 2 ). Cellularity was scanty in rest of 54 cases. The detailed cytological features such as cellularity, cell clustering, papillae, necrosis, apoptosis, nucleocytoplasmic (NC) ratio, nuclear pleomorphism, nuclear margin, hyperchromasia, and chromatin abnormalities were observed. In all these cytologically positive cases, morphometric analysis was performed in terms of cell diameter, nuclear diameter, and NC ratio ( Table 2 ). Urine samples from 10 volunteer healthy donors were used as control for urine cytology. Urine smears of 29 cases (4 cases of suspicious cytology, 16 cases of low-grade TCC, and 9 cases of highgrade TCC as provisionally diagnosed on cytology along with morphometry) were selected for immunostain by monoclonal CK-20 antibody and P53.
CK-20 expression was positive in all cytological smears taken from 16 low-grade and 9 high-grade TCC samples, LGTCC, low-grade TCC; HGTCC, high-grade TCC whereas 2 cases were positive for CK-20 expression out of 4 cases of suspicious cytological smears. Overexpression of p-53 in cytological smears (>60 % cells show nuclear positivity) was found in all 9 high-grade and in 2 low-grade TCC cases (Table 3) . Histopathological confirmation was done in cases which were cystoscopically positive for any suspicious lesion (Table 1) . Biopsy specimens were obtained in 28 cases only; in rest of 18 cases no suspicious lesion was seen on cystoscopic examination. A grand chart was produced tabulating cytological diagnosis, results of morphometric analysis, and histopathological diagnosis where biopsy available. The results obtained were analyzed.
Discussion
In the 2-year study period, we had examined urine specimens from total 100 patients presenting with hematuria, dysuria, or flank pain. In case of nonneoplastic inflammatory lesions the male-to-female ratio was 2.4:1, and in neoplastic lesions the ratio was 7.33:1. Cytological examination from these 100 cases had revealed 17 cases (17 %) of inflammatory smear, 4 cases (4 %) suspicious of malignant lesion, 25 cases (25 %) of urothelial carcinoma out of which 9 cases (9 %) were diagnosed as high-grade TCC and 16 cases (16 %) as low-grade TCC (Table 1 ). In the rest of 54 cases (54 %), cellularity of the urinary smears was very scanty and negative for inflammation or any atypical cell.
In this, 17 cases were diagnosed as inflammatory lesionsnone of which could be confirmed histologically as no suspicious lesion was seen on cystoscopic examination. Twentyfive cases (25 %) were diagnosed as malignant urothelial lesions on cytology and morphometry, all of which were confirmed by histopathology (Table 1) . This was comparable with the study done by Highman who found 20 % suspicious cases on cytology [3] . Most of patients were male and the male-to-female ratio was 7.33:1. The malignant lesions were mainly found in elderly patients.
We found 16 cases of low-grade TCC on cytology and morphometry ( Fig. 1) , two of which finally diagnosed as high-grade urothelial neoplasms on histopathology (Table 1) . This might be due the presence of inflammation and associated degenerative changes in the cell cytoplasm [4] . The rest of 14 cases were finally diagnosed as low-grade TCC on histology (Fig. 2) . Out of 9 cases of high-grade TCC on cytology and morphometry (Fig. 3) , one was diagnosed as moderately differentiated squamous cell carcinoma of urinary bladder on histopathology. Diagnosis of primary squamous cell carcinoma on cytological smear is very difficult, as the moderately differentiated carcinoma may show keratinization of cells and poorly differentiated carcinoma shows presence of giant cells only; other features are indistinguishable from high-grade TCC [5, 6] . The remaining 8 cases were corroborated with the histological diagnosis of high-grade TCC (Fig. 4) . On histological examination, 3 cases of high-grade TCC show presence of deep muscle invasion.
Four cases (4 %) were categorized as suspicious for malignancy on cytology due to their increased cellularity, cell clustering without any papillae formation. In suspicious cases only the cellularity of the smear was increased, but the cells were monomorphic, found in small clusters, and had slightly increased NC ratio. The diagnosis of atypical urothelial cells in voided urine specimens was 6.9 % in a study done by Kapur et al. [7] . One case under the category of suspicious for malignancy was histologically diagnosed as chronic cystitis, and two cases were diagnosed as papillary urothelial neoplasms of low malignant potential. No visible lesion was seen on cystoscopy in another suspicious case (Table 1 ). This might be because small papillary tumors especially when situated in the dome or the anterior wall as well as flat dysplastic and carcinomatous lesions are difficult to identify cystoscopically. Also biopsies may miss the lesions and, even when collected from the appropriate areas, may be negative due to denudation of urothelium. Topical chemotherapy may also flatten papillary stalks rendering them invisible cystoscopically [8] .
During detailed cytological observation, we found that neutrophils, lymphocytes, RBCs, and proteinaceous materials were present mainly in the inflammatory smears (17 cases) obscuring the field, and there were scattered epithelial cells singly or in tiny clusters in between them. The cell clustering was observed mainly in the neoplastic lesions. A large cluster with papillary configuration was found in low-grade urothelial carcinomas (16 cases) (Fig. 1) , whereas increased cellularity with mainly scattered and a few small clusters of highly pleomorphic cells (9 cases) were found in high-grade urothelial carcinomas (Fig. 2) . Papillary structures in a clean background were seen mainly in low-grade TCC. Lowgrade TCC showed minimal pleomorphism of cells within a single cluster. Necrotic cell debris and inflammatory cells in the background were observed in 5 cases, all of which were high-grade urothelial carcinoma. However, diffuse background necrosis was also seen in 3 cases of inflammatory smear. Binucleate cells and cells in mitosis were seen in 4 cases of high-grade TCC. In cases of high-grade neoplasms, nuclei were large, bizarre with clump chromatin and prominent nucleoli, whereas low-grade lesions had mildly pleomorphic nuclei with homogenous chromatin pattern. Hemorrhage in the background was found in several cases of high-grade lesions, suspicious of malignant smears, and also in one inflammatory smear. Diagnostic values of the abovementioned features in differentiating inflammatory and neoplastic lesions as well as from low-grade to high-grade urothelial neoplasms were also supported by Murphy et al., Deshpande et al., Shin et al., and Bhatia et al. [8] [9] [10] [11] .
In all these cases, morphometric analysis of the epithelial cells on cytological smears was performed in terms of cell diameter, cell area, nuclear diameter, nuclear area, and NC ratio ( Table 2 ). In the majority of cases, the atypical cells showed marked alteration in shape and size. In this study, we [12] . Nuclear abnormalities in the form of (i) nuclear pleomorphism, (ii) nuclear margin irregularity, (iii) hyperchromasia, and (iv) high NC ratio were more marked in high-grade neoplastic lesions. In this study, the NC ratio was 0.55 for low-grade TCC, 0.75 for high-grade TCC, 0.31 in suspicious cases, and 0.15 in inflammatory cases, which were also comparable with other studies. Murphy et al. showed the NC ratio <0.5 for benign conditions, and Boon et al. had found NC ratio >0.6 for highgrade neoplasms [8, 13] . Occasional mildly pleomorphic cells were observed in nonneoplastic inflammatory lesions; however, the NC ratio was low (0.15) as well as hyperchromasia and abnormal chromatin pattern were consistently absent. Boon et al. and Raab et al. had also found the similar characteristics for malignant urothelial lesions on cytology [13, 14] . In our study, nuclear features such as margin irregularity, coarse chromatin, enlargement of nuclei confirmed by morphometry, and increased NC ratio against a clean background of smears were of great help in differential diagnosis. These features were also supported in a study by Bhatia et al. [11] . There was considerable overlap in the features observed in low-grade and highgrade TCC. Some features such as necrosis, apoptosis, nuclear and chromatin changes, and prominent multiple nucleoli were more frequent in high-grade lesions which were also supported in a study by Bittinger et al. [15] .
In our study, 11 (68.75 %) low-grade and 8 (88.88 %) highgrade TCC cases were positive for CK-20 on urine cytology smears which were comparable to the study done by Buchumensky et al. [16] . One high-grade TCC was CK-20 negative which on histopathology finally diagnosed as squamous cell carcinoma of bladder. Two cases of suspicious cytology were faintly positive for CK-20. These cases were diagnosed as papillary neoplasm of low malignant potential. Immunostain for p-53 had shown overexpression only in smears with highgrade TCCs and were associated with poor prognosis.
Conclusion
Despite the advancement in laboratory equipment for processing of specimens and availability of ancillary techniques for diagnosis, difficulties are still encountered in some cases. In these cases, the recognition of exact nature of the "atypical cells" in urinary cytology is very difficult. It is much difficult to distinguish between a low-grade transitional cell carcinoma and the reactive atypia due to stone, viral infections, instrumentation, and chemotherapy. However, by using morphometry, most of cases can be categorized as low-grade or highgrade urothelial carcinoma in urinary cytology. In our study, we found four cases of suspicious cytology. On histology two of which finally diagnosed as papillary urothelial neoplasm of low malignant potential, one as chronic cystitis, and in one case no visible lesion was found on cystoscopy. In these cases, CK-20 and P-53 were helpful. Cytological examination of urine is an important tool to diagnose urinary neoplasms and to differentiate them from non-neoplastic conditions. Morphometric analysis of cytological smear and CK-20 immunostain increases the effectivity of cytology, but histopathology remains the gold standard for diagnosis.
